Introduction
============

Accurate and safe endotracheal intubation is essential in medical conditions that need mechanical ventilation or general anesthesia. Failure of airway management may result in fatalityfrom brain damage or cardiopulmonary arrest in addition to other issues including tooth damage or airway injury \[[@B1]\]. In particular, patients with burns over 25% of their total body surface area are likely to have facial burns as well as inhalation injury due to smoke or flame from the fire, resulting in difficult intubation. Even patients without burns on the face and the neck may receive large amounts of fluids in the early stages of burn treatment; this can cause secondary generalized and oral cavity/airway edema which also adds to a more difficult airway management \[[@B2]\].

Various types of video laryngoscopes are useful in difficult airway management, among which Pentax-AWS (AWS) (Pentax-AWS®, Pentax, Japan) has been recently developed. Its transparent blade (P-blade®, Pentax, Japan) has the separated space for a 12 cm cable for a camera and a suction catheter, and a tracheal tube that can be attached to the right side of the blade. Also, a camera tube and a 2.4-inch LCD monitor are attached to the main unit which is connected to the blade.

Different from Macintosh laryngoscope that pressures the epiglottic vallecula, AWS lifts the epiglottis to confirm the vocal cord location and performs endotracheal intubation. It has been reported that laryngeal findings can be improved during endotracheal intubation when using AWS compared to Macintosh laryngoscope \[[@B3]-[@B5]\]. Some studies reported no significant differences in cardiovascular changes during endotracheal intubation \[[@B6],[@B7]\], while another group reported less cardiovascular changes with AWS compared to the Macintosh laryngoscope \[[@B8]\].

Excessive hemodynamic changes can be fatal in severe burn patients with a hypermetabolic state characterized by changes in blood flow, capillary permeability, protein synthesis and cardiac output in addition to accompanying tachycardia \[[@B2]\]. Therefore, it is necessary to examine the hemodynamic differences during endotracheal intubation when using AWS compared to Macintosh laryngoscope in severe burn patients.

Thus, the authors compared the efficacy and hemodynamic changes during the endotracheal intubation in severe burn patients between the AWS and Macintosh laryngoscopes.

Materials and Methods
=====================

This study was approved by the Ethics Committee of the hospital as well as the subjects or their caretakers after the study objectives were described prior to the operation.

One hundred-fifty nine patients, aged 18-65, scheduled for regular escharectomy under general anesthesia with a hypermetabolic state due to burn injury (occurring less than one month from surgery) with a American Society of Anesthesiologists (ASA) physical status of 2 and 3 and who had second or third degree burns over 25% of body surface were selected. Patients with loose teeth, craniocervical or cervical injury,or malformation, arteriosclerosis, uncontrolled hypertension, myocardial infarction, cerebrovascular disease, class 4 of Mallampati, or existing endotracheal intubation were excluded. Also, patients with bandages due to burns in the face or neck and with difficulties in manual ventilation were excluded.

At 30 minutes before arriving at the operating room, an intramuscular injection of 0.2 mg glycopyrrolate was given to the subjects and then Mallampati classification and the thyromental distance were measured after the arrival. The subjects were divided into either the AWS (Group P) or Macintosh group (Group M) by simple random sampling with 50 subjects each group. An electrocardiogram, automated noninvasive blood pressure monitor, and pulse oximeter were placed to measure the vital signs. Heart rate, systolic blood pressure, and diastolic blood pressure just before the anesthesia were measured and then a 10-cm pillow was placed under the atlanto-occipital joint and preoxygenation with 100% O~2~ was performed at 8 L/min for 3 minutes. Then, anesthesia was induced with 1.5 mg/kg of propofol and unconsciousness was confirmed by the eyelid reflex test, rocuronium (0.8 mg/kg) was injected and muscle relaxation was confirmed by the loss of TOF. In group P, a tracheal tube was previously installed in the AWS; in group M, a laryngoscope with a Macintosh \#3 curved blade was used in females and with a \#4 curved blade in males (TC-5111, Solco Biomedical Co., Pyeongtaek, Korea). Endotracheal intubation was done in both groups and the inner diameter of the tube was 7 mm for females and 8 mm for males (Hi-Lo™, Mallinckrodt Medical, Athlone, Ireland).

The time taken for endotracheal intubation as well as the POGO (percentage of glottic opening) score were recorded \[[@B9]\]. POGO score is the degree of glottic view after inserting a laryngoscope and expressed as a percentage; it is expressed as 100% for a full view of the glottis and 0% for no observable glottis, and measured in units of 10%. The time taken for endotracheal intubation was recorded by an observer from the moment when the blade of the laryngoscope passed the incisor to the moment when it was outside the oral cavity after endotracheal intubation. The POGO score was based on subjectivity of the operator. Failure of intubation was defined as unsuccessful intubationin the trachea within 30 seconds for the first attempt; in case of failure of the first attempt, the second attempt was performed after manual ventilation with 100% oxygen for 30 seconds. After the second attempt, cricoids pressure was applied in Group P and cricoids pressure and a stylet were used in Group M. Also, in case of failure of both attempts, endotracheal intubation using a laryngeal mask airway or a fiberoptic bronchoscope was be performed. Patients in whom there was failure to intubate on the first attempt were excluded from hemodynamic analysis.

The anesthesia was maintained with O~2~ at 1.5 L/min, N~2~O at 1.5 L/min and sevoflurane at 2 vol%; tidal volume was 10 ml/kg and the respiratory rate was 12. All endotracheal intubations were performed by a resident in the Department of Anesthesiology & Pain Medicine, with over 3 years of experience in endotracheal intubation using the Macintosh laryngoscope and with more than 50 procedures using the Pentax-AWS. Heart rate, systolic blood pressure and diastolic blood pressure were measured just after intubation and at 3, 5, and 10 minutes after intubation. At 24 hours after the operation, the presence and degree of sore throat was evaluated in patients who could talk in the ward or intensive care unit. Sore throat was evaluated using a 4 grade scale (0-3) defined as follows: no sore throat as 0 grade, complaints of sore throat only on asking as 1 grade, complaints of sore throat on his/her own as 2 grade, and change of voice or hoarseness, associated with throat pain as 4 grade \[[@B8]\].

A power analysis was performed to determine the number of patients using the results of the previous study \[[@B8]\]. By calculating 95% power (1-β) and 0.01 α value, the minimum number of patients was 48 and thus 50 was decided as the number of patients in each group. When the first intubation attempt failed, it was not included either group and the hemodynamic data was not analyzed. Enrollment continued until 50 patients per group was achieved.

Statistical analysis was performed by using SPSS 13.0 (SPSS 13.0 for Windows, IBM Corporation, USA) and intergroup demographic data including age, height, body weight, thyromental distance and total body surface area were compared using t-test. Sex, ASA physical status classification and the presence and degree of sore throat were compared using a Chi-square test. For systolic and diastolic blood pressures and heart rate, the overall difference between groups and intra-group comparison were evaluated using repeated measures ANOVA, and a contrast test was performed for time range comparisons for the initial value in the group. POGO scores and time for intubation between two groups were compared using a t-test. The success rate of the first attempt was calculated by the ratio of the number of patients successful in the first attempt to the total number of patients using two laryngoscopes and compared by a Chi-square test. P values less than 0.05 were considered statistically significant.

Results
=======

There were no differences in gender, age, height, body weight, ASA physical status classification, Mallampati class distribution, thyrometal distance, range of burn injury, and the presence and the degree of sore throat 24 hours after operation between Group M and Group P ([Table 1](#T1){ref-type="table"}). The number of patients with over 2nd degree of burn in the face and the neck was 35 (70%) in Group M and 37 (74%) in Group P, with no significant differences between the groups. Among 59 patients whose intubation failed in the first attempt with the Macintosh laryngoscope, the number of patients with burn in the face and neck was 43 (73%). Among 109 patients who randomized for the Macintosh laryngoscope, 78 (72%) had burn in the face and the neck but this was not significantly different compared to Group P. Among all patients designated in the Macintosh laryngoscope, the number of patients with burn in the face and neck was not statistically different between Group M and 59 patients who failed in the first attempt.

The success rate for the first attempt of endotracheal intubation was 100% for patients in Group P. Among the 109 patients designated for intubation with theMacintosh, only 50 patients had a successful first attempt was classified as Group M (success rate of first attempt, 46%). In the 59 patients with failure of first attempt, the second attempt was successful by using cricoids pressure and a stylet. The POGO score was significantly higher in Group P compared to Group M ([Table 2](#T2){ref-type="table"}). The POGO score for the 59 patients who underwent a second attempt with the Macintosh laryngoscope was 88 ± 5%, which was significantly lower compared to Group P. The time taken for intubation was not different between Group M and Group P, but the time taken for successful second intubation in patients who failed in the first attempt with the Macintosh laryngoscope was 64 ± 46 seconds, which was significantly longer compared to Group P.

Systolic and diastolic pressures between the two groups were not significantly different just before and after endotracheal intubation as well as at 3, 5, and 10 minutes after endotracheal intubation, but heart rate was significantly increased right after intubation in Group M compared to Group P. Systolic and diastolic pressures and heart rate were significantly increased in both groups after intubation compared to just before the intubation, but not significantly different after 3 minutes ([Fig. 1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}).

No critical complications related to anesthesia and airway management were observed in patients who participated in the study.

Discussion
==========

This study showed that the use of AWS made endotracheal intubation faster and easier in severe burn patients and they had less increased heart rate just after the intubation compared to the Macintosh laryngoscope group.

Difficulty with endotracheal intubation is an unsolved problem for anesthesiologists and the probability of failure significantly increases in severe burn patients with accompanying facial burns, airway edema and limited cervical movement due to pain \[[@B10]\]. In this study with burn patients, the ratio of patients with Class 3 Mallampati classification, one of the indexes for predicting difficult endotracheal intubation, was 25% of the total subjects. Compared with a similar domestic study with non-burn patients \[[@B6]\] in which the ratio of patients with Class 3 Mallampati classification was 2%, it was confirmed that burn patients in this study had oral cavity edema and the mouth opening was not sufficient due to pain or contracture.

Macintosh laryngoscope is still the most used tool in endotracheal intubation but cases of difficult endotracheal intubation such as Cormack and Lehane grade 3 and 4 have been reported to have success rates as low as 10-11% \[[@B11],[@B12]\]. Repeated attempts of intubation under difficult conditions with no view of the larynx can cause serious damage to soft tissues \[[@B13],[@B14]\]. Thus, visual techniques, which can aid intubation while directly confirming the advance of the tube or the anatomical structure during difficult endotracheal intubation, have been recently highlighted \[[@B15]\]. Many video laryngoscopes have been developed and the Glidescope (Glidescope®, Saturn Biomedical Systems Inc., Canada) and Airtraq (Airtraq®, Prodol Meditec, Spain) were first commercialized. Glidescope confirms the location of the epiglottis and glottis with a separate monitor by attaching a camera at the tip of a curved blade, and endotracheal intubation can be done by inserting a properly bent stylet into a tracheal tube. The Airtraq, in which a tracheal tube can be attached to the blade, is structurally similar to the AWS but is a tool confirming the glottis through a lens at the end of the handle. Both of them are similarto the Macintish laryngoscope in which the tip of the blades enter the epiglottic vallecula and indirectly lifts the epiglottis. Compared to the AWS, it is easy to bump into the arytenoid cartilage or the epiglottis when the tracheal tube advances, and the distance between the tip of the blade and the tip of the tracheal tube is farther than with the AWS, making it difficult for tracheal tube manipulation \[[@B16]\].

Because of of the AWS design, the POGO score for Group P was 97%, even under difficult conditions presented by severe burn patients with frequently accompanied edema of the face and oral cavity; indeed, the success rate was significantly higher compared to use of the Macintosh laryngoscope. In addition, as the average POGO score was 88% in non-burned patients in another study \[[@B3]\], AWS can provide sufficient glottis exposure even in severe burn patients with higher possibility of epiglottic and glottis edema, which is very important in increasing the success rate of endotracheal intubation. Unfortunately, patients with existing endotracheal intubation were excluded in the study. Because patients with expected severe airway edema are intubated endotracheally immediately after hospitalization, they were not included in the study. If a study on these patients was performed, the advantage of AWS for difficult intubation would likely be more clearly contrasted.

Hemodynamic changes due to endotracheal intubation need special attention particularly in patients with hypertension or cerebrovascular disease, and also in severe burn patients. Thus, not only improving the view of the larynx but also the minimization of hemodynamic changes is an important issue when using laryngoscopes with monitors. In this study, heart rate and blood pressure measured before inducing anesthesia and 3 minutes after the intubation were not different between the two groups, but the increase in heart rate was significantly lower right after the intubation in Group P compared to Group M. This was thought to develope because of the difference in force applied to the oropharynx during the laryngoscope examination. Two major factors that can cause hemodynamic reactions during endotracheal intubation are the stimulation of the oropharynx by laryngoscopic examination and the stimulation to the larynx and trachea due to endotracheal intubation of the tube \[[@B17]\]. The maximum force applied to the base of the tongue during the laryngoscopic examination using a Macintosh laryngoscope is about 4-5 kg \[[@B17]\] while the AWS does not requiring as great force to lift the structures in the oral cavity to expose the glottis \[[@B18]\], suggesting that an increase in heart rate is less likely.

In studies that reported no difference in hemodynamic changes using either the Macintosh laryngoscope and AWS for endotracheal intubation, one study \[[@B6]\] used fentanyl (2 µg/kg), thiopental (5 mg/kg), succinylcholine (1 mg/kg) in inducing anesthesia while another study \[[@B7]\] used fentanyl (1 µg/kg) and propofol (1.5-2.0 mg/kg) injection and then immediately ventilated with sevoflurane (5 vol%) through a mask. Our study did not use an opioidand further studies are needed to confirm whether the difference in heart rate increase between the two laryngoscopes after intubation is caused by opioid or by characteristics of severe burn patients.

Endotracheal intubation often causes damage in the airway mucosa and develops sore throat after the operation, which is one of the complaints by patients after surgery. The width of the AWS blade is 30 mm, which is bigger than the 13 mm blade of the Macintosh laryngoscope \[[@B6]\], and the way to use the AWS is by lifting the epiglottis and applying pressure, which can cause sore throat. However, the development of sore throat after endotracheal intubation as well as the influence on the airway mucosa and the epiglottis was similar with both laryngoscopes, and the AWS can therefore be used safely. In addition, is have been suggested that smooth manipulation is possible with at least 25 mm distance between the upper and lower canines when opening the mouth as much as possible \[[@B19]\], but successful endotracheal intubation was reported with a 20 mm distance \[[@B20]\]. Thus, it is considered that AWS can be used in any condition in which the Macintosh laryngoscope can be used, unless left-right mouth opening is seriously limited due to perioral contracture.

In conclusion, endotracheal intubation using AWS in severe burn patients can reduce heart rate changes compared to the Macintosh laryngoscope. In addition, AWS was very useful for endotracheal intubation of severe burn patients because the degree of glottis exposure was great and the success rate of endotracheal intubation was high without pressing the thyroid cartilage or using a stylet, and the postsurgical development of sore throat was not different from other methods.

![Changes in systolic blood pressure (SBP) (means ± standard deviation). Group P: Pentax-AWS, Group M: Macintosh laryngoscope. Base: before induction value. After: just after intubation value. 3, 5, 10 min: value at 3, 5, 10 minutes after intubation. There were no significant differences between groups. ^\*^P \< 0.05 compared to baseline.](kjae-62-119-g001){#F1}

![The changes of diastolic blood pressure (DBP) (means ± standard deviation). Group P: Pentax-AWS, Group M: Macintosh laryngoscope. Base: before induction value. After: just after intubation value. 3, 5, 10 min: value at 3, 5, 10 minutes after intubation. There were no significant differences between groups. ^\*^P \< 0.05 compared to base.](kjae-62-119-g002){#F2}

![Changes in heart rate (HR) (means ± standard deviation). Group P: Pentax-AWS, Group M: Macintosh laryngoscope. Base: before induction value. After: just after intubation value. 3, 5, 10 min: value at 3, 5, 10 minutes after intubation. A statistically significant difference in heart rate between groups was seen just after intubation. ^\*^P \< 0.05 compared to base. ^†^P \< 0.05 compared to group P.](kjae-62-119-g003){#F3}
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Patients\' Characteristics and Clinical Data

![](kjae-62-119-i001)

Values are means ± SD or number of patients. There was no significant differences between groups. Group M: Macintosh group, Group P: Pentax-AWS group, TBSA: total body surface area. Sore throat scale 0: no sore throat, 1: complaints of sore throat only on asking, 2: complaints of sore throat on his/her own, 3: change of voice or hoarseness associated with throat pain.
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Intubation Profiles
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Values are means ± SD. Group M: Macintosh laryngoscope group, Group P: Pentax-AWS group, POGO: percentage of glottic opening. ^\*^P \< 0.01 compared to Group P.
